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Cardiac transplantation has emerged as the therapeutic 
procedure of choice for patients with end-stage heart 
disease. Tremendous advancements in the fields of 
immunosuppression, rejection, and infection have trans- 
formed what was considered an experimental interven- 
tion a decade ago into a routine treatment readily 
available worldwide. 
The surgical technique for orthotopic heart transplan- 
tation (OHTx) initially described by Lower and Shum- 
way has remained the gold standard for the past 30 
years.’ Developed to reduce allograft ischemic time, 
generous cuffs of recipient right and left atrial tissue are 
left to facilitate implantation. Although relatively quick 
and simple, the resulting atrial anatomy is distorted and 
may predispose to unfavorable electrophysiological and 
hemodynamic abnormalities. 
Two alternative techniques for OHTx that better 
preserve the geometric integrity of the atrial chambers 
are gaining popularity. (1) Total heart transplantation 
involves complete excision of the recipient heart with 
caval end-to-end anastomoses and bilateral pulmonary 
venous a n a s t o m ~ s e s . ~ * ~  (2) The bicaval technique is 
performed in a similar fashion except the recipient left 
atrium is prepared as a single cuff incorporating all 
four pulmonary venous  orifice^.^-^ Although these pro- 
cedures are more technically demanding, proponents of 
the “more anatomical’’ variations in surgical technique 
report a significant reduction in the incidence of postop- 
erative sinoatrial conduction disturbances,7 supraven- 
tricular dysrhythmias,8 atrioventricular valvular incom- 
petence,’ and right-sided heart dysfunction. lo 
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1 Procurement of the donor heart is modified 
from the standard technique to include maximal 
lengths of the superior and inferior vena cava, as 
well as the intrapericardial portions of the pulmo- 
nary veins. The superior vena cava (SVC) is circum- 
ferentially mobilized up to its confluence with the 
innominate vein avoiding injury to the right pulmo- 
nary artery and azygous vein. A heavy silk tie is 
placed around the SVC and tagged but untied. The 
inferior vena cava (IVC) is then mobilized at the level 
of the pericardial reflection and encircled with an 
umbilical tape. After completion of dissection by the 
abdominal organ procurement team, heparin is ad- 
ministered, the aorta is cross-clamped, and cardiople- 
gia is infused in standard fashion. 
Explantation begins with ligation and transsection 
of the SVC cephalad to the azygous vein. The IVC is 
divided at the level of the diaphragm. The apex of 
the heart is then gently retracted cephalad and the 
pulmonary veins are individually divided as they 
traverse the pericardium. While applying caudal 
traction on the heart with the nondominant hand, 
the ascending aorta is transsected proximal to the 
innominate artery and the pulmonary arteries distal 
to the bifurcation of the main p h o n a r y  trunk. 
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2 Once the cardiectomy is complete, the allograft is placed in a basin of cold saline for final preparation. 
In the bicaval OHTx technique (A), the pulmonary vein orifices are joined and the atrium is trimmed to form 
a roughly circular single left atrial cuff. In the total OHTx technique (B), the pulmonary veins on each side 
are excised creating single right and left orifices with a tissue bridge of remnant left atrial wall between them. 
Final trimming of the SVC and IVC is performed at the time of implantation. Occasionally, the distal end of 
the SVC may be enlarged by longitudinally incising the azygous vein stump; otherwise, it is either ligated or 
the SVC is trimmed proximal to its origin. At this time, the pulmonary artery may be divided along its 
bifurcation to maximize available tissue (A); alternatively, it may be trimmed just proximal to the bifurcation 
(B). The heart is carefully inspected for evidence of a patent foramen ovale or any valvular abnormalities 
and then packed in sterile iced saline for transport. 
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3 The recipient SVC and N C  are dissected free circumferentially and then encircled with umbilical tape. 
The connective tissue along the entire length between the ascending aorta and the main pulmonary artery is 
completely divided, taking care to avoid injury to the right pulmonary artery. Once the donor allograft is 
brought into the operating room, the patient is fully heparinized and aortic cannulation is performed just 
proximal to the origin of the innominate artery. Right-angled venous cannulae (24F to 28F depending on 
patient size) are inserted as distally as possible in the SVC and IVC. Cardiopulmonary bypass commences 
and the recipient is systemically cooled to 30°C. The aorta is cross-clamped and the caval snares are 
tightened. Recipient cardiectomy begins with transsection through the cavoatrial junctions leaving a 2- to 
3-cm cuff of right atrial tissue in continuity with the cava. Continuous aspiration of p h o n a r y  venous return from 
bronchial collaterals can be achieved by insertion of a vent catheter into the left atrial remnant directly or via the 
right superior pulmonary vein. The great vessels are divided 1 cm above the valve commissures. 
In the bicaval OHTx technique (A), the left atrium is trimmed leaving a 1-cm cuff of atrial tissue around all 
four pulmonary veins. In the total OHTx technique (B), the left atrial incision is carried around the left and 
right pair of pulmonary venous ostia forming two Carrel patches. Of note, Some centers preserve a bridge of 
right atrial tissue between the cavae to facilitate the caval anastomoses and reduce the risk of torsion (c). 
The heart is removed from the surgical field. The recipient is now ready for implantation of the donor 
allograft. 
4 The standard order of anastomoses for bicaval OHTx in our institution is left atrial, inferior vena caval, 
superior vena caval, pulmonary arterial, and finally, aortic anastomosis. The allograft is placed on the left 
chest wall with the left atrium facing the surgeon and the great vessels cephalad. Implantation begins with 
placement of a double-armed 3-0 Prolene suture (54 cm; Ethicon, Inc, Somerville, NJ) through the recipient 
left atrial cuff in the area of the left superior pulmonary vein and then through the donor left atrial cuff near 
the base of the atrial appendage (A). The needle should pass 5 to 7 mm from the edge of the cut atria. Due to 
the occasional difficulty in exposure, several bites are placed while the allograft is suspended above the 
pericardial sac by the first assistant. Then, as the suture is pulled up, the allograft is lowered into the 
recipient mediastinum atop a cold sponge. The left atrial anastomosis is continued in a running fashion 
posteriorly and medially to the right inferior pulmonary vein. Bleeding from the recipient coronary sinus can 
be minimized if bites of the atrial cuff pass through the epicardium to incorporate the coronary sinus in the 
suture line. It is important to continually assess size discrepancy between donor and recipient atria so that 
the appropriate plication of excess tissue can be performed. This can be most easily accomplished at the level 
of the atrial septum. 
The second arm of the suture is run along the roof of the left atrium and down the right edge of the cuff to 
complete the left atrial anastomosis (B). The pulmonary vein vent is turned off and the left atrium is filled 
with iced saline to eliminate as much air as possible while the two arms of the suture are tied together on the 
outside of the heart. We have recently been using a constant flow of carbon dioxide (CO,) to reduce the 
accumulation of air in the heart. 
5 When performing the total OHTx technique, the left pulmonary 
vein anastomosis is performed first (A). It is begun on the medial edge of 
the left superior pulmonary vein using a double-armed 3-0 or 4-0 
Prolene. The posterior aspect of the anastomosis is completed and 
continued around the inferior pulmonary vein. The second arm of the 
suture is used to complete the anterior aspect (B). 
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5 (continued) The right pulmonary veins are anastomosed to the 
donor left atrium in the same fashion (C). It is critical that the 
posterior aspect of these anastomoses is hemostatic because this 
area is potentially inaccessible once allograft implantation is 
complete. 
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6 The caval anastomoses are performed in an end-to-end fashion (A). First, the IVC is anastomosed with a 
double-armed 4-0 Prolene suture starting in the posterior wall and continuing anteriorly. The same 
technique is then employed for the SVC anastomosis. Using a continuous everting suture for apposition of the 
intima1 layers may reduce the risk of thrombus development. Performing tension-free anastomoses by 
tailoring and aligning the cavae is critical for prevention of anastornotic strictures and torsion. If a stricture 
is noted after implantation despite proper technique, a pericardial patch may he necessary. 
In cases where a bridge of right atrial tissue was preserved, it is particularly important to begin the caval 
anastomoses medially (near the atrial septa1 remnant) and to continue them la te ray  along the Posterior wall 
of the recipient cavoatrial junction. (B). This technique ensures adequate vimalization of the entire 
circumference of these anastomoses. 
Significant narrowing of the SVC can complicate future endomyocardial biopsies; fortunately, it is an 
uncommon complication of modified cardiac transplantation. 
MOI) I PIED CARDIAC TRANSPLANTATION 121 
7 Attention is then turned to the great vessel anastomoses. The 
end-to-end pulmonary artery anastomosis is performed using a 4-0 
Prolene suture beginning with the posterior wall from inside the vessel and 
then completing the anterior wall from the outside. It is crucial that the 
pulmonary artery ends be trimmed to eliminate any redundancy in the 
vessel to prevent kinking and right ventricular failure postoperatively. 
The caval tapes are released permitting displacement of any residual 
intracardiac air with blood. 
Rewarming of the recipient is then initiated. The aortic anastomosis is 
performed using a technique similar to the pulmonary artery except that 
some redundancy is desirable in the aorta. Excess aortic length facilitates 
visualization of the posterior suture line and reduces tension on the suture 
line. Nevertheless, too long of an ascending aorta may occasionally 
promote kinking of the pulmonary artery by counterclockwise rotation of 
the base of the allograft. As a significant size discrepancy often exists 
between the recipient and donor aortae, anterior beveling of the smaller 
aorta (most C O ~ O ~ Y  the donor aorta) may be necessary if stretching of 
the usually elastic donor aorta cannot accommodate the difference in 
arterial diameters. Sutures are placed closely along the posterior wall of 
the aortic anastomosis, while the anterior sutures are used to make up any 
size discrepancy; this permits easy repair of any leaks that may develop, If 
additional donor aortic diameter is necessary, the aortic orifice may be 
enlarged by a small vertical aortotomy. 
8 Several maneuvers are undertaken to &air the 
heart. The lungs are vrntilatetl and the heart is manu- 
ally agitated as air is permitted to  exit via the uncom- 
pleted aortic suture line. The aortic anastomosis is then 
secured. A needle vent is inserted in the ascending aorta 
while the patient is placed in steep Trendelenberg and 
the aortic cross-clamp is removed. Using C 0 2  markedly 
reduces the amount of intracardiac air. 
Suture lines are carefully inspected for hemostasis 
while the heart is recovering from the insults of is- 
chemia and cardiopulmonary bypass. In particular, the 
left atrial and posterior pulmonary artery suture lines 
are checked because they are difficult to adequately 
visualize after bypass has been discontinued. The 
patient is weaned from cardiopulmonary bypass and 
the cannulae are removed. Temporary epicardial pac- 
ing wires are placed on the atrium and ventricle. After 
insertion of rnediastinal and pleural drainage tubes, the 
median sternotomy is closed in standard fashion. 
Comments 
Modified techniques of OHTx preserve the integrity of 
atrial anatomy, which may contribute to lower postop- 
erative morbidity and mortality. Sinoatrial conduction 
disturbances are infrequently encountered and perma- 
nent pacemaker implantation for symptomatic bradycar- 
dia is reduced in most series.”J2 There is also a lower 
incidence of early and late supraventricular tachyar- 
rhythmias. l3 Asynchronous atrial movements are 
avoided in the modified techniques because virtually all 
atrial tissue is replaced. Improved atrial transport has 
been shown with resultant enhanced ventricular filling 
and global allograft per forman~e. ’~~’~  The atrial contri- 
butions to ventricular f* become particularly important 
in the setting of reduced postoperative ventricular compli- 
ance as seen with episodes of rejection or r&t-sided failure. 
Mitral and tricuspid regurgitation are common echo- 
cardiographic findings after standard orthotopic heart 
transplantation. There is a marked reduction of clini- 
cally significant postoperative atrioventricular valvular 
incompetence in patients transplanted with the modi- 
fied techniques.16*17 Although the etiology of the regurgi- 
tation is multifactorial, preservation of atrial size and 
geometry as well as an absence of asynchronous atrial 
contractions likely accounts for much of the observed 
difference. Tricuspid regurgitation is a particularly 
concerning complication in patients with high preopera- 
tive pulmonary vascular resistance. These transplant 
recipients are at  particular risk of early right ventricu- 
lar failure and subsequent mortality. Modified cardiac 
transplantation is associated with a reduced risk of 
right ventricular failure. 
The recent use of transesophageal echocardiography 
to study transplant recipients has shown a relatively 
high incidence of atrial thrombus in hearts implanted 
employing the standard technique.I8 Long atrial suture 
lines, turbulence due to distorted anatomy, and asynchro- 
nous atrial contractions predispose to thrombus formation. 
The clinical relevance of this finding is yet uncertain, but it 
is uncommon in patients with bicaval anastomoses. 
The bicaval technique has gained popularity because 
most centers have found total cardiac transplantation 
to be more technically demanding without obvious 
advantages. The inaccessibility of the medial pulmo- 
nary venous suture lines in the event of postoperative 
bleetli ng and the difficulty in obtaining adequate left 
atrial cuffs for lung allografts at the time of organ 
procurement are further disadvantages of this tech- 
niq" t, . 
Primary contraindications to the use of the modified 
anastornotic techniques are: (1) Inadequate donor caval 
length, and (2) size-mismatch between normal caliber 
donor cavae and dilated recipient cavae due to chronic 
right heart failure. Conversely, global allograft size- 
mismatch is more favorably dealt with by modified 
techniques because the cavae can be trimmed to accom- 
modate differences in atrial size. 
Preliminary clinical results with the modified tech- 
niques of cardiac transplantation are quite encourag- 
ing. With experience, ischemic and implantation times 
are now comparable to the standard technique. En- 
hanced global allograft performance likely accounts for 
the observed improvements in resting hemodynamics, 
exercise capacity, and survival of recipients. Larger 
prospective studies will determine if the obvious anatomi- 
cal and physiological benefits of modified cardiac trans- 
plantation will confer long-term survival and morbidity 
advantages. 
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